In the 19505, lV-injected CO2 was first used to diagnose pericardial effusions [5] [6] [7] , and a decade later it was used to evaluate the portal venous and hepatic venous systems [8, 9] . The number and location of renal arteries, and the presence of a stenosis, can be determined (Fig. 4) , although
we usually obtain a limited, focused iodinated contrast arteriogram for balloon sizing before angioplasty.
As Abdominal aortic aneurysms may also be studied with CO2 arteriography (Fig. 5) . and a traumatic arteriovenous fistula (arrowheads).
B, lodinated contrast arterlogram
In same projection falls to shows these abnormalities. (Fig. 9) , although in some cases the left portal vein fills better than the right because of the buoyancy of the gas. Occasionally, late hepatic vein stenoses causing recurrent variceal hemorrhage or ascites are better seen with CO2 portography than with iodinated contrast material. These stenoses can then be dilated and stented successfully under CO2 guidance (Fig. 10) .
Safety of Intravascular CO2
Several early animal studies showed that, compared with room air, even relatively large amounts of CO2 could be injected IV with no significant changes in hemodynamics or arterial blood gas parameters such as pH, pCO2, and P#{176}2 [18] [19] [20] [21] .
Room air is composed primarily of nitrogen, which does not dissolve readily in blood and therefore may impede blood flow. Because the solubility of CO2 in serum is approximately 20 times that of room air or oxygen [20, 21] , CO2 dissolves rapidly and is expired by the lungs in a first-pass fashion.
However, these early studies also showed that pump failure in the right side of the heart can occur with very large IV volumes, although the volumes needed for even cutfilm imaging were well tolerated in both animals and humans. With the development of intraarterial CO2 imaging, new issues have had to be addressed, such as the possibility of tissue ischemia due to gas embolism and the question of a direct toxic effect on tissues.
The effect of directly injected CO2 on canine renal flow, function, and histology has been studied [22] . and changing the position of the area of concern to allow gas release help avoid ischemia caused by gas trapping.
Currently, we do not recommend intraarterial injections larger than 1 00 ml, and serial injections should be spaced several minutes apart. During CO2 venography gaseous CO2 frequently reaches the right side of the heart and the pulmonary arterial circulation. Care must be exercised not to flood the right side of the heart with gas, which may cause pump failure. We limit mdividual venous injections to 50 ml or less. Injections should be spaced apart to allow resorption and expiration of C02, and fluoroscopy should be used to ensure the complete disappearance of the gas before the next injection. In our experience, careful imaging has failed to detect gas reaching the 
